their data. For general practitioners and other physicians who are involved in the follow-up of cancer patients, reimbursement depends on the documentation of follow-up data in ONkeyLINE. Complete records for approximately 85% of all breast cancer patients in Lower Saxony are available in the database, enabling robust assessment of the quality of routine medical care for women with breast cancer in this region. We analysed the data to try to determine the extent to which guidelines are adopted in Germany, particularly in older patients, and to understand whether the standards required in certified breast cancer clinics are met more generally in routine clinical practice.
Patients and Methods

Data Selection
All patients first diagnosed with breast cancer in 2007, who were registered in ONkeyLINE up to 31 May 2009, were included in the current analysis. We planned to answer the following questions on diagnosis and treatment patterns using data captured in ONkeyLINE:
Introduction
Breast cancer is the most common cancer among women and the most common cause of cancer death in women aged between 30 and 60 years in the Western hemisphere. In Lower Saxony, Germany, the annual incidence of breast cancer is approximately 6,300 (6,250 women and 50 men) [1] . During the last decade, breast cancer mortality has declined in several countries. However, little is known about the relative contribution of improved screening and/or new therapies, or the extent to which evidence-based recommendations are adopted into clinical practice. In the USA, the surveillance, epidemiology, and end results (SEER) database provides detailed information on presentation and survival in patients from their primary presentation. In Europe, ONCOPOOL (Pooling of European Data to Harmonise Translation Research in Breast Cancer) provides retrospectively recorded data from almost 17,000 women treated in 12 European breast cancer units in 10 countries [2] . However, a weakness of ONCOPOOL is the exclusion of women aged > 70 years. It is estimated that 45% of new cases of breast cancer in Germany will be in women aged 65 years, including more than 3,000 cases in women aged 85 years [3] , yet there are few data on the elderly. There are several reports in the literature indicating that elderly patients with breast cancer are undertreated. Specifically in Germany, the OVIS study in Schleswig-Holstein assessed implementation of S3 breast cancer guidelines and the influence of age on breast cancer care in women up to 85 years of age. However, the study relied on patients completing a paper-based survey, which limits the reliability of data describing medical details [4] . Furthermore, the data are relatively old, collected for 2 years up to February 2005, and therefore provide no information on the uptake of newer guidelines in breast cancer, such as adjuvant trastuzumab therapy.
ONkeyLINE is a web-based tool of the 'Association of Preferred Providers of Lower Saxony' (Kassenärztliche Vereinigung Niedersachsen, KVN), in which patients' diagnostic and treatment details are documented for a range of cancer types. Information can be entered only by registered medical personnel and institutions using a secure passwordcontrolled registration and PIN-generated security token which changes every minute [5, 6] . Data from more than 360,000 patients with various tumour types have been recorded in ONkeyLINE, including details on diagnostic findings, therapy, and long-term follow-up of each patient.
In Germany, most patients with breast cancer undergo primary surgical treatment in gynaecological departments. There are broad recommendations from the Health Ministry and cancer societies to concentrate primary treatment in cancer centres, but to date other institutions have not been excluded from breast cancer treatment.
Most hospital-based cancer centres and private practices specialising in oncology are linked to ONkeyLINE. The majority of institutions without cancer centres also transmit [7] . To evaluate adoption of recommended diagnostic and therapeutic schedules, we compared findings with the Arbeitsgemeinschaft Gynäkologische Onkologie (AGO) -Organ kommission Mamma guidelines [8] and S3 Guidelines of the German Cancer Society (Deutsche Krebsgesellschaft, DKG) valid in 2007 [9] , which were current at the time patients in this cohort were diagnosed and treated.
Results
Patient and Disease Characteristics
The present analysis included data from 5,397 patients diagnosed with breast cancer in 2007. The data captured in ONkeyLINE were at least 97% complete for relevant prognostic and decision-making factors (100% for tumour location, 99.2% for tumour size, 97.5% for nodal status, 99.6% for axillary dissection/sentinel lymph node biopsy, 97.7% for distant metastasis, and 100% for surgical procedure). Therefore, we assume that the data are of high quality and may be considered representative of breast cancer care in this population. Table 1 shows the demographic and tumour characteristics of the study population at diagnosis. Ten patients registered with breast cancer had sarcoma histopathology and thus are excluded from the rest of the analyses. Decisions on treatment strategy depend heavily on accurate and thorough evaluation of tumour biology. Determination of hormone receptor status is crucial in treatment decisions. Almost all patients with invasive breast cancer should receive endocrine therapy. In non-invasive lesions, the decision whether or not to administer endocrine treatment has to be made on a case-by-case basis. It is recommended for patients aged < 50 years as well as those with grade 3 (poorly differentiated) tumours or insufficient excision margins. In patients with ductal carcinoma in situ (DCIS), standard therapy comprises surgery and irradiation [9] , and few patients will benefit from endocrine therapy. HER2 status determination is another key element in the treatment decision-making process. According to the S3 guideline [9] , trastuzumab is indicated in patients with tumours that are HER2-positive, defined as immunohistochemistry (IHC) score 3+ or IHC2+ with positive gene amplification demonstrated by fluorescence in situ hybridisation (FISH) or chromogenic in situ hybridisation (CISH). Table 2 summarises hormone receptor status in patients with invasive versus non-invasive breast cancer. Receptor status was determined in > 99% of patients with invasive breast cancer and 82% of those with non-invasive disease. Hormone receptor status was positive in 84% and 66% of patients, respectively. Table 3 summarises HER2 evaluation and status among patients with invasive breast cancer in our dataset. HER2 status was positive in 785 patients (17.3%). Only 52 patients (1.1%) had no evaluation of HER2 status. In a further 80 patients, HER2 status was IHC 2+, but neither FISH nor CISH was performed.
Surgery
The standard approach for invasive breast cancer is breastconserving surgery. However, not all patients are eligible (e.g. those with inflammatory carcinoma, positive microscopic margins after repeated excisions, or multicentric disease, and those ineligible for post-operative irradiation). In these cases, and in patients who choose not to have breast-conserving surgery, mastectomy is the recommended approach [8, 9] . In the overall population (all tumour stages), breast-conserving surgery was performed in 3,717 patients (69%). A further 1,569 patients (29%) underwent mastectomy, while 101 (2%) received no surgery. In the subgroup of 2,671 patients with stage pT1 (tumour size < 2 cm), 2,242 patients (84%) underwent breast-conserving surgery, 414 patients (15%) had a mastectomy, and 15 (0.6%) received no surgery. benefit:risk ratio. Chemotherapy is indicated in patients considered to be at high risk, defined as those with 1-3 positive axillary nodes and hormone receptor-negative and/or HER2-positive disease [10] . Patients with > 3 positive axillary nodes, irrespective of hormone receptor and HER2 status, are also classified as high risk. Chemotherapy is not indicated in patients with low risk of local recurrence or distant metastasis, defined as meeting all of the following criteria: tumour size < 2 cm (pT1); negative nodal status (pN0); grade 1 tumour; age > 35 years at first diagnosis; hormone receptor-positive tumour; and HER2 negative. Patients fulfilling neither of the above sets of criteria are classified as intermediate risk, and chemotherapy should be considered in these patients.
The ONkeyLINE data for chemotherapy are assumed to have a high level of completeness because chemotherapy typically starts a few weeks after surgery and is given by specialised institutions that are highly compliant with ONkeyLINE documentation. In addition, recording of chemotherapy administration in ONkeyLINE is obligatory for physicians responsible for oncology.
Among 846 patients classified as high risk, 557 (66%) received chemotherapy (table 5) . When analysed according to age category, the proportion of patients receiving chemotherapy for high-risk disease was highest in younger patients and showed an overall trend towards less frequent administration in older patients. Of the 2,423 patients at intermediate risk, 1,115 (46%) received chemotherapy while in the remaining 1,308 patients (54%) there was no documentation of chemotherapy in ONkeyLINE (table 5) . Administration of chemotherapy was, as expected, less frequent in patients with intermediate-risk disease than high-risk breast cancer. As in the high-risk group, there was a trend towards less frequent use of chemotherapy with increasing age.
Analysis of chemotherapy administration according to the objective of treatment (adjuvant vs. palliative) revealed a similar relationship with age in both groups. In the adjuvant setting, 48% of 3,534 patients < 70 years old received chemotherapy versus 17% of 1,079 patients aged 70 years. Likewise, in the metastatic setting, 67% of 141 patients < 70 years received chemotherapy versus only 34% of 76 patients 70 years of age.
Radiotherapy
Breast or chest wall irradiation is indicated following breastconserving surgery for invasive carcinoma or after mastectomy in patients with T3/T4 or positive microscopic margins. In addition, post-mastectomy irradiation is indicated in patients with at least 3 positive axillary nodes, especially in younger patients. Among 3,324 patients with invasive breast carcinoma or DCIS who underwent breast-conserving surgery, 89.4% received post-operative radiation therapy. In the remaining 11%, no radiotherapy was documented after surgery. (table 4) . Endocrine therapy was planned in an additional 342 patients (8%). In the remaining 875 patients (21%), no adjuvant endocrine therapy was documented (predominantly no information rather than confirmation that no endocrine therapy was administered).
Endocrine Therapy
Endocrine therapy is indicated in almost all patients with hormone receptor-positive invasive breast cancer, defined as 10% receptor-positive cells; endocrine responsiveness is classified as 'doubtful' in tumours with 1-9% receptor-positive cells. Cases with unknown receptor status should be treated as endocrine responsive [10]. Among 4,128 patients with hormone receptor-positive invasive breast cancer, 2,911 (71%) received adjuvant endocrine therapy
Chemotherapy
An indication for chemotherapy depends on the presence of various risk factors, together with evaluation of the 
Discussion
The population registered in ONkeyLINE represents approximately 85% of all cases in Lower Saxony during this period, and it is therefore reasonable to assume the analysis population is representative of the entire population of patients with breast cancer in this region. The general characteristics of the population (age distribution, histological subtype) are consistent with findings from other national cancer databases (SEER [12] and Krebs in Deutschland [13] ). The incidence of breast cancer peaks in patients aged 50-69 years. This age class is the target group for mammography screening in Germany [14] . Following the implementation of screening mammography in Germany, the proportion of patients presenting with non-invasive versus invasive carcinoma has risen [15] . The proportions of patients with locally advanced, regionally advanced, and metastatic disease at diagnosis in our dataset were very similar to the corresponding percentages in the SEER database. However, the proportion of patients with a more favourable prognosis at diagnosis was higher in our dataset than in the SEER database. This may reflect the more recent data collection in our analysis and the implementation of screening mammography. Furthermore, in the SEER database, only invasive breast cancer is registered, leading to imbalance between the dataset populations.
Hormone receptor status is a predictive marker for endocrine therapy. According to the S3 guideline, hormone receptor status should be determined in all invasive breast cancers and DCIS, but not in lobular carcinoma in situ (LCIS). In our dataset, hormone receptor status was determined in 99% of patients with invasive breast cancer and 83% of those with non-invasive carcinoma, giving an overall hormone receptor determination rate of 98%. In the WBC dataset, the median combined rate of hormone receptor status assessment in invasive and non-invasive carcinoma was 97% [7] . Our data suggest high quality of diagnosis and assessment in routine care in Lower Saxony. Only 19 patients (0.4%) with invasive breast cancer and 85 patients (18%) with non-invasive lesions lacked information on hormone receptor status. This may have been because of insufficient material for detection of receptor status in small tumours.
The quality of HER2 status documentation was very high. HER2 status was evaluated in 99% of patients with invasive breast cancer. This is similar to benchmark data from the WBC (98% HER2 status evaluation in patients with invasive disease) [7] .
Trastuzumab
Positive HER2 status is a well-established predictive marker for trastuzumab therapy. Trastuzumab is recommended in the metastatic setting and as adjuvant therapy for patients with invasive breast tumours > 1 cm. A total of 481 patients with HER2-positive breast tumours > 1 cm received trastuzumab. Trastuzumab was given predominantly in the adjuvant setting (428 patients; 89% of those receiving trastuzumab). Ten patients (2%) received neoadjuvant trastuzumab, and 43 patients (9%) were treated with trastuzumab in the palliative setting. Eighty-one patients received adjuvant trastuzumab not in accordance with guidelines, including 58 patients with tumours < 1 cm.
The 2006 national guidelines made a strong recommendation for adjuvant trastuzumab therapy in patients with HER2-positive breast cancers > 1 cm following adjuvant or primary chemotherapy. Overall, 433 patients met these criteria, of whom 334 (77%) received the recommended treatment (table 6). The proportion of patients eligible but not treated with trastuzumab did not differ significantly between those aged 60 versus < 60 years (76 vs. 78%, respectively). While the majority of women receiving adjuvant trastuzumab were treated in cancer centres (247 of 334 patients), there was no difference in the proportion of women who were treated according to the national guidelines between cancer centres and non-certified institutions (78 vs. 76%)
Further analysis of the data from ONkeyLINE showed that among the 428 patients receiving adjuvant trastuzumab in 2007, treatment was given most commonly in a gynaecology clinic or internal medicine or oncology practice. Internal medicine or oncology practices were treating an average of 7 patients with trastuzumab compared with 4 patients in gynaecology clinics. The next most common location for adjuvant trastuzumab administration was gynaecology practices.
To explore the relationship between adjuvant trastuzumab therapy and place of residence, the population of Lower Saxony was divided into either urban (> 150,000 inhabitants/ km 2 ) or rural (< 150,000 inhabitants/km 2 ) populations [11] . In Lower Saxony, there are 4,979,673 inhabitants in urban areas (62% of the population) and 3,003,012 inhabitants in Table 6 . Adjuvant therapy with trastuzumab by age 
Surgery
The rate of breast-conserving surgery is remarkably high (84% for stage pT1, 69% overall). For first certification of breast cancer centres, a 50% rate of breast-conserving surgery is required; the required rate increases to 70% in stage T1 for re-certification [16] . The quality of surgery in early-stage disease (pT1) in Lower Saxony is even more impressive when considering that some of the patients in our dataset had noninvasive carcinoma and not all patients were treated in breast cancer centres. To put these data into context, breast-conserving surgery was documented in 68% of the overall population (all stages) in the WBC population and in 83% of those with stage pT1 disease [7] , showing very close alignment.
Radiotherapy
Radiotherapy was not documented in 11% of patients. This is possibly explained by a delay in documentation when another adjuvant therapy, such as chemotherapy, is given before radiotherapy, and consequently irradiation begins after the documentation period. In this situation, repeated evaluation of the same patient group would show a higher degree of completeness. In most cases, non-compliance can be excluded because every patient undergoing breast-conserving surgery is advised of the need for post-operative irradiation. The 89% rate of radiotherapy in ONkeyLINE compares very favourably with the 70% rate reported in WBC [7] . This may be due to more rigorous documentation in ONkeyLINE.
Endocrine Therapy
Among patients with hormone receptor-positive invasive breast cancer in our dataset, adjuvant endocrine therapy was documented in 71% and planned in a further 8%. In the remaining 21%, endocrine therapy was not documented. In the WBC dataset, 94% of patients with hormone receptor-positive invasive breast cancer received adjuvant endocrine therapy [7] . However, an important difference in documentation is likely to explain the apparent discrepancy and lower use of endocrine therapy in Lower Saxony. For the WBC benchmarking, documentation of tumour data is obligatory. In contrast, documentation of treatment administration and follow-up data in the ONkeyLINE database is voluntary for non-specialised gynaecology practices, where the majority of patients receiving endocrine therapy are treated. Consequently, administration of endocrine therapy is almost certainly higher than suggested by our results. We anticipate increasing completeness of data as the number of practices documenting their follow-up online via ONkeyLINE increases. Nevertheless, some patients will refuse therapy or have a contraindication for endocrine therapy, such as osteoporosis or severe vascular disease. These factors may explain the less frequent administration of endocrine therapy in elderly women compared with their younger counterparts, especially in patients aged > 80 years.
Chemotherapy
Chemotherapy is indicated in all patients with high-risk disease. However, some patients may refuse chemotherapy. In others, chemotherapy may be contraindicated, for example because of comorbidity or poor performance status. Our analysis showed that 66% of patients with high-risk disease received adjuvant chemotherapy. The use of adjuvant chemotherapy for high-risk disease decreased with increasing age. For example, among patients aged > 60 years, only 70% received chemotherapy. Cardiac risk factors and other comorbidities are more common in older than younger women, possibly contributing to the lower proportion of older patients receiving adjuvant chemotherapy. The WBC 2006 data indicated that 60% of patients with at least 3 positive axillary nodes or hormone receptor-negative disease at first diagnosis of breast cancer received adjuvant chemotherapy [7] . Comparison with our results is difficult because the population defined by these criteria includes intermediate-as well as high-risk patients. While cardiac disease may be one factor contributing to the less frequent administration of chemotherapy among patients at high risk of recurrence, undertreatment in older patients is well documented in the literature [17] [18] [19] [20] [21] [22] .
Trastuzumab
Since 2006, AGO guidelines have recommended adjuvant trastuzumab in patients with HER2-positive tumours > 1 cm. Overall, 77% of patients with invasive breast cancer, in whom trastuzumab was indicated, received adjuvant trastuzumab therapy according to the guidelines. A further 81 patients received adjuvant trastuzumab not in accordance with guidelines, including 58 patients with tumours < 1 cm. Recent data suggest that trastuzumab is appropriate in patients with small tumours [23] , and the latest (2010) AGO guidelines recommend trastuzumab in these patients. Undertreatment with trastuzumab was more pronounced in elderly patients. In this subgroup, a higher proportion of patients have comorbidities such as cardiac disease, which would preclude chemotherapy and therefore trastuzumab therapy.
The proportion of patients with HER2-positive disease was higher in urban than rural areas. However, the proportion of patients receiving trastuzumab was almost identical in these two areas, implying no difference in treatment according to locality. Every patient with breast cancer in Lower Saxony has access to diagnostics and therapy in a certificated breast cancer centre. These centres are distributed evenly throughout the region and with increasing mobility of patients, it appears that access to trastuzumab is not reduced in rural locations. The reimbursement of trastuzumab as soon as it gained regulatory approval may have contributed to the rapid uptake of trastuzumab into routine clinical practice.
Conclusions
Data recorded in ONkeyLINE provide a high level of detail and can be assumed to be representative of medical care patterns in patients with breast cancer. These data show that diagnosis of breast cancer, including determination of hormone receptor and HER2 status, is routinely performed to a high standard according to clinical recommendations. A high proportion of patients with small tumours undergo breastconserving surgery, in accordance with requirements demanded of certified breast cancer centres.
Endocrine therapy is less well documented in ONkey-LINE, probably because it is frequently given outside the setting of certified breast cancer centres or specialist oncology practices. Our data suggest that endocrine therapy could be improved but the likely incompleteness of the data is a limitation. In contrast, data on chemotherapy and trastuzumab administration are quite comprehensive in ONkeyLINE. We observed age-dependent differences in chemotherapy administration. In younger patients, treatment practice was very close to that recommended in guidelines. However, in older patients, there is a tendency towards undertreatment. Overall, the high level of uptake of trastuzumab and rapid adoption of treatment guidelines is very encouraging. Within 1 year of inclusion of trastuzumab in treatment guidelines in Germany, 77% of women with HER2-positive disease, who met the guideline criteria, received adjuvant trastuzumab therapy. These findings appear to be consistent with other European countries. An audit in the UK indicated that 62% of patients with HER2-positive early breast cancer received trastuzumab [24] . The most common reasons for not giving trastuzumab were tumour diameter < 1 cm, age, comorbidity, and patient refusal. Recent data from The Netherlands indicated that 94% of 1,114 patients receiving adjuvant chemotherapy for HER2-positive breast cancer also received trastuzumab [25] .
Typically trastuzumab is administered by specialist oncologic gynaecologists or specialist oncology internists, with equal distribution between clinics and practices. Of note, there was no evidence that patients in rural areas received different treatment from those living in urban areas. In summary, ONkeyLINE provides strong evidence to suggest that breast cancer care in all settings in Lower Saxony is of a high standard and generally consistent with treatment guidelines. Although the adoption of the national guidelines on adjuvant trastuzumab therapy in clinical practice is encouraging, the proportion of women who are undertreated is still high when compared with data from The Netherlands. As a new intervention, ONkeyLINE will interact with users when patients who meet guideline criteria for a specific therapy do not receive it, in order to improve compliance with national recommendations.
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